Objective: To compare symptomatic and objective outcomes between HM and POEM. Background: The surgical gold standard for achalasia is laparoscopic Heller myotomy (HM) and partial fundoplication. Per-oral endoscopic myotomy (POEM) is a less invasive flexible endoscopic alternative. We compare their safety and efficacy. Methods: Data on consecutive HMs and POEMs for achalasia from 2007 to 2012 were collected. Primary outcomes: swallowing function-1 and 6 months after surgery. Secondary outcomes: operative time, complications, postoperative gastro-esophageal reflux disease (GERD). Results: There were 101 patients: 64 HMs (42% Toupet and 58% Dor fundoplications) and 37 POEMs. Presenting symptoms were comparable. Median operative time (149 vs 120 min, P < 0.001) and mean hospitalization (2.2 vs 1.1 days, P < 0.0001) were significantly higher for HMs. Postoperative morbidity was comparable. One-month Eckardt scores were significantly better for POEMs (1.8 vs 0.8, P < 0.0001). At 6 months, both groups had sustained similar improvements in their Eckardt scores (1.7 vs 1.2, P = 0.1).
Recently, endoscopic approaches for the surgical division of the LES have been described. [2] [3] [4] [5] In 2008, per-oral endoscopic myotomy (POEM) was described in 4 patients. Since then, the procedure has been increasingly utilized but objective outcomes and long-term results have only just been released. 6 The only comparison of myotomy and POEM compares perioperative outcomes but does not include data on efficacy. 7 In the eponymous surgery, HM, both longitudinal and circular muscle fibers of the lower esophagus and gastric cardia are divided above and below the sphincter mechanism. 8 Despite excellent longterm dysphagia relief, HM without fundoplication is associated with iatrogenic gastroesophageal reflux in 20% to 100% of patients. 9, 10 There is some hope that POEM will be associated with a lower incidence of iatrogenic gastroesophageal reflux. POEM divides only the circular fibers to relieve dysphagia. Studies of the early physiology of the LES after POEM revealed that it resulted in excellent distensibility while maintaining some degree of LES pressure. 11, 12 Unlike HM, POEM does not disrupt the suspensory ligaments of the esophagus, which may maintain anatomic reflux barriers. There is evidence from the laparoscopic literature that shows that decreasing hiatal dissection does preserve some LES function and may result in less reflux. 13 In addition, the less invasive nature of an endoscopic myotomy than an laparoscopic myotomy may result in fewer patient symptoms, shorter hospitalization, and quicker return to normal activity.
Although more than 1200 POEMs have been performed worldwide, most existing literature consists of small series, focusing on the technique and perioperative outcomes. [14] [15] [16] These "phase 1" studies present clinical data demonstrating feasibility and safety in many clinical scenarios. As the procedure has matured, objective outcomes are beginning to be reported and have demonstrated long-term efficacy and relief of dysphagia for the procedure. 6 Comparative data between POEM and other treatments are rare and, to date, have been limited to a single study of perioperative outcomes. 7 Our hypothesis was that POEM and HM result in comparable changes in patient symptoms, manometric parameters, and esophageal acid exposure. Herein, we present objective and patient-centered data from a single center comparing the efficacy of HM to that of POEM for the treatment of achalasia.
METHODS

Data Source and Population
A single-institution prospective database was created and queried under institutional review board protocol and registered at Clinicaltrials.gov, #NCT01399476. All patients who underwent laparoscopic HM or POEM from 2007 to 2012 were eligible for inclusion. All HMs had concurrent partial fundoplication. Starting in October 2010, all patients presenting for surgical treatment of achalasia were given the opportunity to participate in an institutional review board-approved study on POEM. Our patient selection criteria for POEM have been previously described. 12 Notably, previous endoscopic dilation, botulinum toxin injection, or concurrent paraesophageal hernia did not obviate POEM. For this analysis, we excluded patients with a previous HM (re-operative surgery) and those who had a myotomy for a diagnosis other than achalasia.
POEM Procedure
The POEM procedure uses a standard flexible endoscope on patients under general anesthesia in an operating room setting. The site for the anterior esophageal mucosotomy, 7 to 10 cm proximal to the gastroesophageal junction, is identified. A saline "lift" is performed by injecting a mixture of saline, indigo carmine and dilute epinepherine in order to lift the mucosa from the muscle layer and a 1.5-cm mucosotomy is made. The endoscope is inserted and a submucosal tunnel is created with a combination of blunt dissection, carbon dioxide insufflation, hydrodissection, and careful electrocautery. The tunnel is extended past the gastroesophageal junction onto the gastric cardia for 2 cm. From proximal to distal, the circular muscle fibers are selectively divided with cautery, taking care to preserve the longitudinal muscle. After completion, intraluminal endoscopy confirms smooth passage through the gastroesophageal junction, and retroflexed evaluation of the valve and blanched gastric mucosa (marking distal dissection) confirmed an adequate myotomy. The mucosotomy is closed using endoscopic clips.
Variables and Outcomes
In addition to standard demographic variables, patient symptoms were collected at the preoperative visit, initial postoperative visit, and at the 6-month office visit using a long-standing standardized symptom assessment tool, shown, in patients with achalasia, to correlate with quality of life and to predict outcomes after myotomy. 17, 18 Operative variables were recorded by the operating team at surgery. Operative time was measured from initial incision until closure. Scores at the initial postoperative visit (∼2 weeks after surgery) were designated "early" symptoms and those at the routine 6-month visit were designated "long-term." All patients were requested, as part of the protocol, to undergo postoperative objective testing at 6 months regardless of symptoms. Scores were assessed and recorded on a standardized form with scores for heartburn, regurgitation, reflux, chest pain, and dysphagia graded on frequency (grade 0-absent, 1-rare, 2-weekly, 3-daily but not continuous, or 4daily and continuous). A priori, symptom scores were dichotomized, split by clinically meaningful score of 2 or more (at least weekly, compared with occasionally).
We examined the 2 groups for differences in preoperative esophageal function testing (manometry) and 24-hour pH testing. Esophageal function parameters of importance were LES resting and relaxation pressures, and distal esophageal contraction amplitude. Manometric data on patients were reviewed by the senior authors and confirmed the diagnosis of achalasia on the basis of esophageal aperistalsis and abnormal LES relaxation. To compare the myotomies, we compared the absolute and percent changes in manometric parameters after HM and POEM. Esophageal acid exposure was objectified using composite acid exposure (DeMeester) score, the percentage of patients with abnormal DeMeester scores (≥14.6), and total number of episodes of reflux. Manometry and pH testing data on HMs were included only if obtained between 6 and 12 months after surgery to allow appropriate comparison with POEMs.
Statistical Analysis
Mean and median values were used to describe continuous data, with discrete variables displayed as frequencies. For bivariable analyses, Mann-Whitney U tests were used to compare continuous data, whereas Fisher exact or χ 2 tests were used for categorical variables. Paired, nonparametric testing was used for statistical analysis of symptom scores (signed-rank test). To examine factors associated with esophageal acid exposure, we performed a secondary analysis and compared the LES profile of patients with normal and abnormal DeMeester scores. All statistical analyses was performed using Stata SE version 12 (College Park, TX).
RESULTS Population
Our study sample was 101 patients undergoing recent achalasia surgery: 64 (64%) HMs and 37 (37%) POEMs. Overall, 52% of the patients were women, with a median age of 49.5 years. From 2007 to 2009, only HM was offered, and 48 patients underwent HM. In 2010, HM was performed in 14 patients and POEM was performed in 5 patients. In 2011, HM was performed in 2 patients and POEM was performed in 16 patients. In 2012, we performed 16 POEMs and no HMs. Both groups were comparable in age and sex distributions ( Table 1 ). The severity of patient symptoms, as measured by the Eckardt score, was similar for HMs and POEMs (5.9 vs 5.4, P = 0.5). The most common symptom was nonepisodic dysphagia, occurring at least weekly in 90% of patients. Dysphagia to solids was more prominent than dysphagia to liquids. Continuous regurgitation was more common (45% vs 17%) among HMs than among POEMs (P = 0.01). The dysphagia, chest pain, and heartburn scores were equivalent at baseline.
Perioperative Course
Fundoplication was not performed after POEM. Among the HM group, antireflux surgery consisted of 27 (42%) Toupet fundoplications and 37 (58%) Dor fundoplications. The operative time was greater for HMs than for POEMs (median: 160 minutes vs 120 minutes, P < 0.0001) ( Table 2 ). There were no deaths or conversions to another approach in either group. There was 1 patient in each group who required another procedure, both for bleeding. In HM patient, bleeding was controlled laparoscopically. In the POEM patient, bleeding was controlled endoscopically without laparoscopic assistance. Full-thickness injury to the esophagus occurred in 4 POEMs. During HM, 8 esophageal and 3 gastric perforations were noted. In both groups, all injuries were diagnosed and treated during the index procedure, without clinical sequela. HMs had a longer hospitalization, mean 2.2 days (standard deviation: 1.9), than POEMs, 1.1 days (standard deviation: 0.6) (P < 0.0001).
Symptoms
The primary measure of success for any procedure for achalasia should be relief of symptoms, particularly dysphagia. In the short term, only 1 patient, from the HM group, was lost to follow-up. Eckardt scores improved substantially after myotomy. The Eckardt scores were lower for patients who underwent POEM than for those who underwent HM (0.8 vs 1.8, P < 0.0001). Dysphagia to liquids was improved in 100% of POEMs and in 97% of HMs (Table 3 ). Relief of dysphagia to solids was similar for the POEM and HM groups (95% vs 90%, P = 0.4). Symptoms of heartburn, reflux, and chest pain were similar between groups. Long-term symptom scores were available for 38 (61%) HM and 27 (73%) POEM patients. Overall, long-term symptom scores were not significantly different than short-term symptom scores. At 6-month follow-up, regular symptoms of dysphagia to liquids were present in as many HM as POEM patients (8% vs 0%). Notably, although none of the POEM patients experienced regular dysphagia to solids, 29% of HM patients reported this symptom (P = 0.001) in the long term. Although long-term Eckardt scores were slightly higher for the HM group, they were not significantly different (1.7 vs 1.2, P = 0.1). Most patients experienced symptoms of dysphagia to liquids, heartburn, and reflux less than weekly, and this was similar between groups ( Fig. 1 ).
Manometry
The preoperative manometric profile of the LES is presented in Table 1 . Patients who underwent POEM and HM had similar resting and relaxation LES pressures and distal contraction amplitude. All patients were requested to return for postoperative studies. Postmyotomy manometry was available for 20 (31%) HM and 21 (57%) POEM patients. Manometry was obtained at a median of 6.8 months after procedure (range: 5.7-10 months). For most patients, manom- 
Esophageal Acid Exposure
Twenty-four-hour testing of esophageal acid exposure was obtained in 31 (48%) HM and 23 (76%) POEM patients (Table 4) . Median DeMeester scores, proportion of patients with abnormal DeMeester score, and the median number of reflux episodes were statistically comparable between POEM and HM groups. On secondary analysis, comparing patients with normal and abnormal DeMeester scores, those with abnormally high scores had a higher preoperative relaxation pressure (20.5 vs 12.3 mm Hg, P = 0.007). The postmyotomy LES resting and relaxation pressures were similar between patients who demonstrated abnormal 24-hour pH testing and those who did not ( Table 5 ). Patients with abnormal pH testing had a larger absolute, but not percentage, fall in resting (30.8 vs 21.8 mm Hg, P = 0.03) and relaxation pressures (14.2 vs 7.1 mm Hg, P = 0.01) than those with normal DeMeester scores.
DISCUSSION
Although the etiology of esophageal achalasia is poorly understood, there is uniform consensus on the treatment of symptoms: definitive disruption of the LES. This usually relieves dysphagia, prevents further esophageal dilation, and improves nutrition. The unfortunate consequence of complete LES destruction is pathologic esophageal acid exposure in the majority of patients. When partial fundoplication is added to HM, the rate of abnormal acid reflux drops to between 21% and 42%. 17, 19 Universally recommended, fundoplication concurrent with HM adds operative time, technical complexity, and the possible side effects of an esophageal wrap: dysphagia, inability to belch, early satiety, and so forth. A procedure that effectively relieves dysphagia while avoiding iatrogenic reflux or longterm fundoplication-related dysphagia is the holy grail of surgery for achalasia.
Efforts toward this goal have resulted in the endoscopic myotomy. A less invasive procedure that targets the muscle most likely causing the symptoms of achalasia, POEM divides only the circular fibers of the distal esophagus and gastric cardia. Through selective weakening of the sphincter function of the LES, with preservation of the longitudinal esophageal fibers and phrenoesophageal ligaments, proponents of the POEM hope to both relieve dysphagia and have a minimal risk of reflux and, therefore, the need for fundoplication. The current literature has, today, established the safety, feasibility, and symptomatic success of the POEM procedure. The largest published series of 119 patients describes only their perioperative outcomes including 2 patients (1.7%), requiring endoscopic procedures for bleeding and mucosal injury. 20 Pneumothorax was found in 30 patients (25%) and 14 (12%) required tube thoracostomy. The high complications of this series are ascribed to use of air for insuflation and performance of a full-thickness myotomy. The safety and perioperative outcomes of POEM have been demonstrated in other studies as well. [14] [15] [16] Objective outcomes are less commonly reported. One study described manometric data on 17 patients, immediately before and after POEM, and documented a mean post-POEM LES pressure of 19.8 mm Hg, which was a significant reduction from 52.4 mm Hg preoperatively. 5 Our recent publication of follow-up after a mean of 11.4 months for 18 patients was the first to present long-term data on esophageal function, acid exposure, and patient symptoms after POEM and showed similar impressive results. 6 Considering that there already exists a very effective palliative treatment of achalasia, laparoscopic HM, and partial fundoplication, it is imperative that any new approach be compared with the standard treatment. Our data reported here directly compare HM and POEM and show similar rates of technical complications and, in fact, possibly better outcomes for the POEM procedure.
Laparoscopic HM provides a meaningful patient and cost benefit over traditional open HM. 21 Although some might question the ability to improve on laparoscopic HM, our data demonstrate shorter operative times and decreased hospitalization, which would imply a reduced cost compared with laparoscopic myotomy. Although POEM is performed under general anesthesia, similar to HM, the recovery is faster. Indeed, in our experience, POEM patients rarely require pain medication in the postoperative period, which may be attributed to the absence of any, even minor, abdominal wall trauma and have returned to work on average in 3 days. 6 Although many POEM patients wanted to go home on the same day, our initial institutional review board protocol mandated overnight observation. As our experience grew, some POEM patients were released on the same day, after a normal postoperative contrast esophagography. For a dedicated team, technical proficiency can be achieved after approximately 20 cases. 22 As surgeon's experience and comfort with the procedure increases, POEM could easily become an outpatient surgery.
POEM patients experienced a more rapid improvement in overall symptoms, as demonstrated by lower early Eckardt scores. Over time, the gap between the Eckardt scores for POEM and HM groups narrowed and became insignificant. Although we show comparable long-term results for HM and POEM, examination of individual symptoms does show significantly less dysphagia to solids that is present early after surgery and persists even up to 6 months. HM by nature involves manipulation of the gastroesophageal junction and gastric fundus, and this trauma, and operative edema, probably explains the higher rate of dysphagia to solids in the early postoperative period.
The persistently reduced rates of clinically important dysphagia with POEM may reflect the absence of a fundoplication or possibly less fibrosis at the operative site. Recurrent dysphagia occurs in between 3.5% and 15% of patients after HM. 23 Although well accepted as necessary to reduce reflux, fundoplication after HM may itself cause dysphagia. 24 A recent meta-analysis reported more dysphagia after anterior fundoplication than that after either posterior or no fundoplication. 25 However, there are conflicting data on this and Richards et al 26 Unique to our data are the availability of intermediate-term manometric follow-up for both HM and POEMs. The change in LES resting and relaxation pressures, both absolute or relative to baseline, was similar between the groups. Objectively, resting LES pressures after POEM were higher than those after HM, without resulting in difference in dysphagia. There was also a trend toward higher relaxation LES pressures (P = 0.1) after POEM than after HM. This trend toward higher pressures could represent the selection destruction of circular muscle fibers alone or the preservation of the suspensory ligaments with POEM. The clinical relevance of these manometric findings is uncertain. Symptom relief was excellent and similar between groups; higher resting or relaxation pressures after POEM did not result in dysphagia. Conversely, these higher pressures did not reduce esophageal acid exposure either.
Although objective esophageal acid exposure was not statistically different between groups, our data do warrant further discussion. The POEM group had abnormal esophageal acid exposure in 39% of patients who underwent postoperative testing. Although this seems high, the incidence of gastroesophageal reflux after surgical myotomy without a fundoplication is between 20% and 100%, indicating some benefit to preserving the extraesophageal anatomy. 9,10 A previously published report on a cohort of our HM patients showed abnormal 24-hour pH tests in 33.3% of Heller/Toupet patients at long term. 17 Rawlings et al 19 found abnormal pH studies in 21% of Toupet and 42% of Dor fundoplications after HM. Despite the initial appearance of a high reflux rate, acid exposure after POEM is similar to HM with fundoplication in our study and seems similar to what has been observed by multiple studies on HM using objective outcomes parameters.
Although this is a cohort study and not a randomized trial, the populations are comparable for esophageal function and symptom and disease severity. The only difference was the increased frequency of severe regurgitation (fluid reflux) in HM patients. The significance of this is unknown given the relatively comparable rates of other symptoms and absence of preoperative impedance data. In addition, both procedures were performed by the same surgeons, and prospective data were collected by the same team using the same data collection tools. A potential limitation of our study is that only 31% of HM and 57% of POEM patients had follow-up manometry. Rates of clinical follow-up and pH testing were much higher. In our experience, manometry is less palatable to patients and more often refused, even when part of an agreed to research protocol, which explains the discrepancy. Patients lost to follow-up may not be lost at random and may introduce a bias that cannot be quantified. However, based on the clinical symptoms that were universally available, there did not seem to be a correlation between symptomatic patients and postoperative testing. Another potential weakness in our study was the fact that POEM is a newer procedure and some of the POEM procedures happened during the learning curve phase while the surgeons had a cumulative experience with LM of more than 500 procedures. This bias is balanced somewhat by the fact that residents and fellows actively participated in all procedures and, therefore, all patients were subjected to "learning" to some extent.
CONCLUSIONS
Our data show POEM to be a less invasive, safe, and definitive treatment of achalasia. The long-term esophageal function testing shows substantial improvement over preoperative measurements without complete ablation of the LES complex. Symptomatic heartburn was rare in POEM patients and comparable with those who underwent HM. Objective acid reflux on 24-hour pH testing was slightly more common among the POEM group but was not statistically sig-nificant. POEM seems to be comparable with and even slightly better than HM in the primary goal of achalasia treatment-dysphagia relief-and offers some other obvious patient benefits. When counseling patients regarding this option, it is appropriate to explain to them the possible increased risk of esophageal acid exposure and the potential need for long-term medication for GERD.
